We investigated occupational energy expenditure and sitting time in the longest held job (in men only), nonoccupational physical activity, and former sports participation in relation to colorectal cancer endpoints. The Netherlands Cohort Study includes 120,852 participants who completed a self-administered questionnaire in 1986 when they were aged 55-69 years. By 2002, 1,819 male and 1,366 female colorectal cancer cases were available for case-cohort analyses. In men, higher occupational energy expenditure levels and fewer occupational sitting hours were associated with decreased hazard ratios for colon cancer, particularly distal colon cancer (occupational energy expenditure of ≥12 vs. <8 kJ/minute, hazard ratio (HR) = 0.71, 95% confidence interval (CI): 0.52, 0.97; P for trend = 0.01; occupational sitting hours of <2 vs. 6-8 hours/day, HR = 0.63, 95% CI: 0.48, 0.83; P for trend = 0.001). The median duration of the longest held job for male subcohort members was 29 years. Nonoccupational physical activity was inconsistently associated with colorectal cancer endpoints in men, and it was inversely associated with colon cancer in women, particularly distal colon cancer (>90 vs. ≤30 minutes/day, HR = 0.69, 95% CI: 0.50, 0.96; P for trend = 0.06), and rectal cancer (>90 vs. ≤30 minutes/day, HR = 0.59, 95% CI: 0.39, 0.90; P for trend = 0.02). In conclusion, regular long-term physical activity and fewer sitting hours may protect against colon cancer, particularly distal colon cancer; results for rectal cancer were mixed. cohort studies; colonic neoplasms; physical activity; rectal neoplasms; sedentary lifestyle Abbreviations: BMI, body mass index; CI, confidence interval; CRC, colorectal cancer; HR, hazard ratio.
Health recommendations include participating in moderate physical activity for at least 30 minutes every day and limiting sedentary habits (1) . With respect to colorectal cancer (CRC), physical activity has been associated with a decreased colon cancer risk with indications of linear doseresponse patterns; results for rectal cancer are inconsistent (2) (3) (4) (5) (6) (7) (8) (9) (10) . It is, therefore, important to investigate different types and aspects of physical activity and sedentary behavior in relation to subsite-specific CRC risk.
Several mechanisms may underlie the inverse association between physical activity and CRC risk. Physical activity may prevent overweight, improve immune function, reduce free radicals, increase prostaglandins, increase gut motility, improve insulin sensitivity, reduce insulin and insulin-like growth factor 1 levels, and increase the level of insulin-like growth factor binding protein 3 (2, 11) . Any effect of physical activity on insulin-like growth factors may be especially important during puberty, when most bodily growth occurs. Intriguing in this respect is the finding of an increased CRC risk with increasing height, independent of other factors (12) (13) (14) (15) (16) . It is, therefore, also interesting to elucidate the influence of physical activity during specific age periods.
To help clarify the unresolved issues, we analyzed occupational energy expenditure, occupational sitting time, baseline nonoccupational physical activity, and former sports participation in relation to CRC risk within the Netherlands Cohort Study. The measures we investigated cover a large part of participants' lifetime physical activity, and the Netherlands Cohort Study made possible sex-specific analyses per colorectal cancer subsite.
MATERIALS AND METHODS

Study population and design
The Netherlands Cohort Study includes 120,852 participants who completed a self-administered questionnaire at baseline in 1986, when they were aged 55-69 years (17) . We used a case-cohort approach for efficiency reasons: 5,000 subcohort members who were randomly selected immediately after baseline were followed up for vital status to estimate the person-time at risk, whereas incident cancer cases were enumerated for the entire cohort. Participants who reported a history of cancer (other than skin cancer) at baseline were excluded. Subcohort members contributed to the person-time at risk until the end of follow-up or until censoring. Censoring occurred when a subcohort member became a cancer case, died, or was lost to follow-up. Follow-up of cancer cases was performed through linkage with the population-based cancer registry and the Netherlands national pathology database (PALGA) (18, 19) . The estimated completeness of follow-up was >96% (20) for incident cancer cases and ∼100% for vital status. The baseline questionnaire included a 150-item semiquantitative food frequency questionnaire. Nutrient intake was calculated by using the Dutch food composition table of 1986-1987 (21) . The food frequency questionnaire was found to rank individuals adequately according to dietary intake (22) and was shown to be a good indicator of dietary intake for at least 5 years (23) .
By 2002, 1,819 male and 1,366 female CRC cases (International Classification of Diseases for Oncology code 153) and 2,169 male and 2,247 female subcohort members were available for analyses (excluding those with incomplete/inconsistent questionnaires). Among men, there were 511 proximal colon cancer cases, 608 distal colon cancer cases, and 464 rectal cancer cases. Among women, these numbers were 560, 417, and 252, respectively. The total number of male and female colon cancer cases was 1,165 and 1,009, respectively, and included cases that could not be classified as either proximal or distal colon cancer. Rectosigmoid cancer cases were included only when analyzing CRC risk overall.
The Netherlands Cohort Study has been approved by the review boards of the TNO (Dutch abbreviation for Toegepast Natuurwetenschappelijk Onderzoek) Nutrition and Food Research Institute and Maastricht University.
Occupational physical activity
Data on occupational energy expenditure and occupational sitting time were derived from self-reported occupational history. A maximum of 5 jobs with accompanying start and stop years could be reported. The rating system we used (24) distinguishes among work of low activity (e.g., desk jobs, driving); moderate activity (e.g., jobs that involve standing or walking ≤3 km/hour, jobs that involve heavy use of 1 arm, and jobs that involve moderately heavy use of both arms); and high activity (e.g., jobs that involve standing or walking >3 km/hour, jobs that involve heavy use of both arms, and physical labor such as digging, bending, or heavy lifting). These job types correspond to occupational energy expenditures of <8, [8] [9] [10] [11] [12] , and >12 kJ/ minute. Sitting time was categorized into sitting for >6-8, 2-6, and <2 working hours/day.
We did not analyze these measures in women because we were unable to classify 64.8% of female subcohort members who never held paid employment, whose jobs were uncodable, or whose data were missing. We therefore do not consider these measures to be representative of occupational physical activity levels in women. In men, we focused on occupational physical activity in the longest held job because it reflects regular long-term physical activity; the median duration of the longest held job among male subcohort members was 29 years, and 50% held their longest job until 1983 or later. (For comparison, the median duration and stop year of the longest held job among female subcohort members were 9 years and 1956, respectively.)
Baseline nonoccupational physical activity
Classification of baseline nonoccupational physical activity was based on 2 questions.
The first (open-ended) question was, "How many minutes do you spend on average per day walking/cycling to your work, to go shopping, or to walk your dog?" The reported time spent per day was categorized as ≤10, >10-30, >30-60, and >60 minutes/ day. The second question was, "How many hours of your leisure time do you spend on average per week on 1) recreational walking/cycling, 2) gardening/doing odd jobs, and 3) sports/gymnastics?" Possible answers were never, <1, 1-2, and >2 hours/week. Answers on both questions were summed to obtain an overall measure with categories of ≤30, >30-60, >60-90, and >90 minutes/day.
Former sports participation
Former sports participation was assessed by the question, "In case you formerly played sports, please indicate what sport(s), was it in a competition system, how many hours per week did you spend on each sport (exercise included), and in what period?" No more than 3 sports could be reported. Participants were categorized as having played sports if information was available on the type(s) of sport (s) played, the number of hours per week spent on sports, or the time period of sports participation. The total duration of former sports participation was calculated by aggregating the calendar years for which an individual was active in (1 or several) sports. Sports intensity, expressed as a metabolic equivalent of task score, was based on the sport type (25) . The number of hours per week spent on a sport was derived from questionnaire responses. We analyzed the intensity and number of hours per week of sports participation with respect to the longest played sport. Information on age and the period of sports participation was used to distinguish the timing of sports initiation as either before or after the onset of puberty. Puberty was defined as the period b The MET score is the ratio between the metabolic rate during a specific physical activity and the resting metabolic rate (i.e., the metabolic rate while sitting quietly). c BMI is measured and defined as weight (kg)/height (m) 2 .
between ages 12 and 15 years in boys, and therefore the onset of puberty was considered to have occurred at 12 years of age in all boys. In girls, individual data on age at menarche were available (mean age at menarche: 13.7 years; range: 9-22 years), and puberty was defined as the period between 2 years before menarche and 1 year after menarche. Therefore, the timing of the onset of puberty was determined individually for each female subcohort member.
Physical activity patterns
Men with low occupational energy expenditure or high occupational sitting time may be active outside their jobs and vice versa. Therefore, for men, we combined occupational measures with the baseline nonoccupational physical activity measure. Low occupational energy expenditure and occupational sitting time were defined as <8 kJ/minute and >6-8 hours/day, respectively, as these categories comprised 58.6% of the male subcohort. In accordance with health recommendations (1), low nonoccupational physical activity was considered to be ≤30 minutes/day. Moreover, because sports activity is likely to be only a small part of total physical activity, we combined the occupational energy expenditure measure in men and the baseline nonoccupational physical activity measure in women with the measures of former sports participation and sports participation around puberty.
Statistical analyses
Cox regression analysis was used to estimate hazard ratios and 95% confidence intervals by using STATA, version 9.0, software (StataCorp LP, College Station, Texas). Sex-specific hazard ratios were estimated for comparability with previous studies. To account for the additional variance introduced by sampling the subcohort from the entire cohort, we estimated standard errors by using the robust Huber-White sandwich estimator (26) . The proportional hazards assumption was tested by using the scaled Schoenfeld residuals (27) . As this test easily yields significant results when dealing with large numbers and long follow-up (as in our cohort), the use of more than 1 method is recommended (28) . We also visually inspected the −log− log-transformed hazard curves and performed analyses for ≤8 and >8 years of follow-up.
In multivariable-adjusted models, we included potential confounders selected from the literature and those that introduced a >10% change in hazard ratios. On the basis of previous studies, we included the following potential confounders: age, family history of CRC, smoking status, body mass index (BMI, calculated as weight (kg)/height (m) 2 ), total energy intake, and intakes of alcohol, meat, and processed meat. Other covariates considered were socioeconomic status, self-reported diabetes, and intakes of fiber, folate, β-carotene, vitamin B 6 , vitamin C, vitamin E, fruits, vegetables, water through foods and beverages, calcium, total fat (energy adjusted), magnesium, and heme iron. None of these covariates introduced a change of >10%.
To check whether associations were independent of other physical activity types, we additionally adjusted models testing occupational energy expenditure and occupational sitting time for baseline nonoccupational physical activity and vice versa. We also adjusted models testing occupational energy expenditure for occupational sitting time and vice versa. Models for former sports participation were adjusted for occupational energy expenditure in men and baseline nonoccupational physical activity in women. Furthermore, we checked a possible influence of having held jobs of different physical activity levels by restricting analyses for occupational energy expenditure and occupational sitting time in the longest held job to men who held jobs of the same physical activity level. As BMI may be an intermediate factor in the studied associations, we compared results derived from models adjusted for BMI with those from models not adjusted for BMI. We repeated this analysis by using trouser/skirt size as a proxy measure for waist circumference (29) because physical activity has been associated with both BMI and waist circumference (30) . To check for the influence of preclinical disease, we repeated our main analyses excluding the first 2 years of follow-up. Statistical significance was indicated by a 2-tailed P value of <0.05.
RESULTS
In both men and women, CRC cases were not evidently more or less physically active than subcohort members when comparing the percentage of individuals across physical activity categories ( Table 1 ). The percentage of cases with a family history of CRC was clearly higher than the percentage of subcohort members with a family history of CRC. Age, smoking status, alcohol intake, BMI, and intakes of the considered dietary factors were comparable between cases and subcohort members.
As occupational energy expenditure and occupational sitting time may correlate, we compared distributions in Table 2 . Distributions differed significantly. Men with a low occupational energy expenditure level were spread across categories of occupational sitting time, whereas Tables 3  and 4 for men and women, respectively. We present these results instead of the mutually adjusted results for ease of comparison with the literature. Although the proportional hazards assumption was violated on some occasions when tested, −log−log-transformed hazard curves appeared to be proportional upon visual inspection. Age-adjusted results were comparable (data not shown).
Higher occupational energy expenditure levels and less occupational sitting time were significantly associated with lower hazard ratios for colon cancer in men. Hazard ratios were significantly decreased and lowest for distal colon cancer in men who had an energy expenditure of >12 kJ/ minute versus <8 kJ/minute (HR = 0.71; 95% CI: 0.52, 0.97; P for trend = 0.01) and in men who had <2 occupational sitting hours/day versus >6-8 hours/day (HR = 0.63, 95% CI: 0.48, 0.83; P for trend = 0.001). In contrast, a significant positive trend was observed across categories of occupational energy expenditure, showing increased hazard ratios for rectal cancer, although hazard ratios were not statistically significant. There was no association between occupational sitting time and rectal cancer risk in men.
Baseline nonoccupational physical activity was significantly inversely associated with colon cancer and rectal cancer risk in women (P for trend = 0.01 and 0.02, respectively), but not in men. Hazard ratios were significantly lower in women who reported >90 minutes versus ≤30 minutes of daily baseline nonoccupational physical activity (HR for proximal colon cancer = 0.71, 95% CI: 0.53, 0.96; HR for distal colon cancer = 0.69, 95% CI: 0.50, 0.96; HR for rectal cancer = 0.59, 95% CI: 0.39, 0.90). When investigating nonoccupational physical activity types, we found that hazard ratios for rectal cancer were lower in women who walked/cycled for >60 minutes/day versus ≤10 minutes/day (HR = 0.47, 95% CI: 0.27, 0.83; P for trend = 0.03). No associations were observed among women for recreational walking/cycling, gardening/doing odd jobs, or participating in sports/gymnastics. In men, there were significant positive dose-response relationships between distal colon cancer risk and gardening/doing odd jobs (>2 hours/week vs. never: HR = 1.48, 95% CI: 1.08, 2.03; P for trend = 0.04) and participating in sports/ gymnastics (>2 hours/week vs. never: HR = 1.52, 95% CI: 1.11, 2.10; P for trend = 0.01), but there were no associations with other types of nonoccupational physical activity. Former sports participation was not associated with CRC endpoints.
Further analyses (data not shown) demonstrated that associations with occupational energy expenditure and occupational sitting time were unchanged after adjustment for baseline nonoccupational physical activity in men, and that associations were most pronounced for those with long follow-up. Models in which occupational energy expenditure was adjusted for occupational sitting time and vice versa showed attenuated hazard ratios. The hazard ratio for distal colon cancer remained significant in men who sat for 2-6 hours/day versus >6-8 hours/day. Analyses in men ), meat intake, processed meat intake, and total energy intake. The MET score is the ratio between the metabolic rate during a specific physical activity and the resting metabolic rate (i.e., the metabolic rate while sitting quietly).
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Am J Epidemiol. 2013;177(6):514-530 who had jobs of the same physical activity level produced similar results. Associations with baseline nonoccupational physical activity were unchanged after adjustment for occupational energy expenditure in men and were evident in analyses for both short and long follow-up in both men and women. Former sports participation was not associated with CRC endpoints after adjustment for occupational energy expenditure in men and baseline nonoccupational physical activity in women.
The results for physical activity patterns and CRC risk are presented in Tables 5 and 6 for men and women, respectively. Patterns indicating higher daily physical activity levels in men were significantly inversely associated with distal colon cancer risk. Associations were less clear than when considering physical activity measures separately. Measures combining former sports participation with occupational energy expenditure in men and baseline nonoccupational physical activity in women were significantly inversely associated with colon cancer risk. When including the time period of sports participation, hazard ratios were lowest and significantly decreased in active participants who started playing sports before puberty compared with inactive participants who never played sports (in men: HR for distal colon cancer = 0.64, 95% CI: 0.43, 0.96; in women: HR for proximal colon cancer = 0.67, 95% CI: 0.47, 0.95 and HR for distal colon cancer = 0.65, 95% CI: 0.45, 0.95). Conversely, there were a significantly increased hazard ratio for proximal colon cancer in inactive women who started playing sports before puberty (HR = 1.68, 95% CI: 1.03, 2.74) and a nonsignificantly increased hazard ratio for rectal cancer. In men, nonsignificantly increased hazard ratios for rectal cancer were also evident.
Finally, analyses did not indicate that either BMI or waist circumference was an intermediate factor. Exclusion of the first 2 years of follow-up produced comparable estimates.
DISCUSSION
Our results are consistent with those of numerous tudies suggesting that nonoccupational physical activity may protect against CRC, particularly colon cancer (2-10, 31). Former sports participation was not associated with CRC risk. Previously, results have been inconsistent regarding rectal cancer risk, and it is not clear whether the inverse association with colon cancer risk is because of an inverse association with proximal or distal colon cancer risk or both (8) . Differences in physical activity assessment likely contribute to this heterogeneity (8) . Our study shows that physical activity may protect against distal colon cancer in particular, and that limiting daily sitting time may be important. In addition, regular long-term physical activity could be important when we consider that the occupational physical activity measure used in men was based on the longest held job, and half of the male subcohort held their longest job for 29 years or longer. In women, baseline nonoccupational physical activity is likely representative of a considerable time period, as 50.9% of female subcohort members described themselves as homemakers exclusively, and most others held jobs only briefly and in the distant past (the median duration and stop year of the longest held job were 9 years and 1956, respectively). It has been suggested previously that consistently high physical activity levels may confer the greatest decrease in colon cancer risk (32, 33) .
Special emphasis may be placed on our results regarding occupational sitting time because sedentary behavior is becoming more common and may differ in its effects from low levels of physical activity. We observed significantly different distributions across categories of occupational energy expenditure and occupational sitting time. Hazard ratios for occupational sitting time were less attenuated when adjusting for occupational energy expenditure than vice versa, suggesting a potential independent effect of sitting time. Lynch (31) reported that sedentary behavior may influence risk through mechanisms that are both similar to and different from those of physical activity, as rat studies found that sedentary behavior had a greater effect than exercise training on lipoprotein lipase regulation, and expression of certain genes in skeletal muscle was shown to be most sensitive to inactivity.
Chromosomal instability, a tumor phenotype associated with chromosomal gains and losses and structural rearrangements, may possibly explain why physical activity was associated mainly with distal colon cancer risk. Chromosomal instability occurs more often in cancers in the distal colon than in other sublocalizations (34) , and environmental factors such as physical activity may act predominantly through the chromosomal instability pathway. The findings of a recent exercise intervention trial in which exercising affected colon crypt cell proliferation (35) and expression of the apoptotic-regulating proteins B-cell lymphoma-2 and B-cell lymphoma-2-associated X protein in colon crypts (36) indicate chromosomal instability involvement. Exercising did not affect colon mucosal prostaglandin concentrations (37) and C-reactive protein levels (38) , suggesting that inflammation is less important.
Although the influence of physical activity on CRC risk may differ by subsite of cancer, sex, and type, intensity level, and duration of physical activity, our study yielded a few surprising findings. First, regarding rectal cancer risk, a positive dose-response relationship was observed with occupational energy expenditure in men. This result may have been influenced by residual confounding, as there may have been occupational exposures that are risk factors for rectal cancer (e.g., asbestos (39)) for which we could not adjust.
Second, it is unclear why no associations with CRC risk were observed in men for daily walking/cycling and recreational walking/cycling, although positive associations with distal colon cancer risk emerged for gardening/doing odd jobs and participating in sports/gymnastics. These latter positive associations contradicted our hypothesis but might be explained if men with inactive jobs compensated for their lack of occupational physical activity in their spare time, thus reporting higher nonccupational physical activity levels while having been inactive most of the time.
Men who were retired at baseline (43.7% of the male subcohort) may also have reported high nonoccupational Physical Activity and Colorectal Cancer Risk 523
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c The MET score is the ratio between the metabolic rate during a specific physical activity and the resting metabolic rate (i.e., the metabolic rate while sitting quietly). Table continues physical activity levels that were not representative of lifetime levels. However, cross-tabulation of gardening/doing odd jobs and participating in sports/gymnastics on one hand and occupational energy expenditure on the other hand in male subcohort members and in male subcohort members who were retired at baseline did not support this. In women, the inverse associations between nonoccupational physical activity and colon and rectal cancer risk were consistent with our hypothesis. The fact that daily walking/ cycling (but not other types of nonoccupational physical activity) was inversely associated with rectal cancer risk supports the importance of regular physical activity.
Results also differed between men and women in previous cohort studies, yet it remains difficult to draw conclusions regarding sex differences (8) .
Third, when analyzing physical activity patterns, we observed decreased hazard ratios for colon cancer in active women who started playing sports before puberty, yet increased hazard ratios in inactive women who started playing sports before puberty as compared with inactive women who never played sports. Based on this finding, it is difficult to determine whether puberty is a critical period for physical activity that could later influence CRC risk. Previously, we found that participants in the Netherlands Cohort Study who were exposed to famine in childhood and adolescence during the "Hunger Winter" of 1944-1945 were at a significantly decreased risk of CRC characterized by the promoter hypermethylation phenotype (40, 41) . It could be that sports participation was not an extreme enough early life exposure to influence future cancer risk regardless of physical activity levels in adulthood.
Strengths of our study include the prospective design and high completeness of follow-up, making selection and information bias unlikely. Our physical activity measures also cover a large part of participants' total physical activity, which enabled the exploration of physical activity patterns. Limitations include the single baseline measurement; that is, changes in physical activity levels and in levels of potential confounders over time may have influenced results. However, in sensitivity analyses, results proved fairly robust. Another limitation may be that physical activity was self-reported and not tested for validity and reproducibility. According to Ferrari et al. (42) , measurement errors in self-reported physical activity can attenuate associations, and age and BMI may influence validity, with higher coefficients observed for younger individuals and individuals below sex-specific BMI medians. Although our cohort consists of elderly individuals, our self-reported physical activity measures represent long-term physical activity, which is difficult to assess otherwise. Furthermore, an expert assessment scheme was used to derive occupational physical activity from self-reported occupational history, and individuals have been shown to be able to report accurately on their occupational history (43) .
In conclusion, our findings support an inverse association between physical activity and colon cancer risk, in particular distal colon cancer risk, whereas results for rectal cancer were mixed. Measures of regular long-term physical activity seemed to be the best predictors of risk, and it may be important to avoid sedentary behavior. ), meat intake, processed meat intake, and total energy intake.
c Calculated for the longest held job;
"low" and "active" correspond to <8 kJ/minute and ≥8 kJ/minute, respectively.
d As measured at baseline;
"low" and "active" correspond to ≤30 minutes/day and >30 minutes/day, respectively.
e Calculated for the longest held job;
"low" and "active" correspond to >6-8 sitting hours/day and ≤6 sitting hours/day, respectively.
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c As measured at baseline; "low" and "active" correspond to ≤30 minutes/day and >30 minutes/day, respectively.
